Introduction
Sweden has been a leader in protecting its environment through introducing new legislation, stepping up enforcement, and encouraging community involvement to promote an environment-friendly culture. In the last two decades, the particular focus has been on mitigating air pollution in industry. Apart from traditional energy/excise taxes levied on energy products in the early 1990s, the Swedish government introduced CO 2 taxes (1991), SO 2 taxes (1991) , and a NO x charge (1992) . Sweden, being the member of the European Union, is also subject to the European regulation, in particular, to the European Union's Emission Trading System (2005) . Due to these regulations on the national and international levels the emissions of CO 2 , SO 2 , and NO x have significantly decreased since 1990.
As abatement cost increases with the stringency of environmental policy, regulation has most certainly been a large factor in driving changes in production processes and investments to mitigate pollution. Unregulated firms may also decide to acquire and install less polluting capital technology equipment if it lowers their production cost. In addition, the fact that more firms integrate social, environmental and economic concerns into their values and operations and consumers becoming "greener" are likely to be another contributing factor.
Given the significant regulatory burden on firms to abate pollution and the resultant costs in Sweden, it is natural to wonder whether corporate environmental expenditure and investment is a response to these pressures or to other factors. Therefore the main goal of this paper is to explore the determinants of environmental expenditure and investment in the entire manufacturing sector in Sweden during the period 1999-2008. The available dataset allows us to examine several types of environmental expenditure: first we look at firm's current expenditure for environmental protection which includes all other costs of environmental protection that are not considered to be investment, second we consider firm's investment in environmental protection, and finally we analyse current environmental protection expenditure on research and development (R&D) . For this purpose we employ a selection model which allows first examining which factors are the determinants of whether any such expenditure occurs and in a second step we explain how much is spent on each type of expenditure given that it occurs.
Most of the earlier empirical literature has focused on efficiency and effectiveness of environmental policies. The later focus has been on effects of environmental regulations on environmental investment, innovation and technological change. For instance, the relationship between environmental policy stringency and innovation efforts has been demonstrated empirically by Lanjouw and Mody (1996) , Jaffe and Palmer (1997) , Brunnermeiera and Cohen (2003) , Horbach (2008) and Carrion-Flores and Innes (2010) where increases in pollution abatement control expenditures (assumed to be correlated to policy stringency) lead to jumps in environmental patent counts and/or R&D expenditure. Horbach (2008) also finds that environmentally innovative firms in the past are also more likely to innovate in the present. Lee and Alm (2004) look at the impact of uncertainties surrounding the enactment and the enforcement of environmental legislation on firm's investment in air pollution abatement equipment. Also, there is growing evidence that firms respond to other external pressures for voluntary overcompliance such as local/interest group pressures, customer demand or other social pressures (see e.g. Heal (2008) ). In addition to that, the standard industrial organisation literature has stressed the importance of firm characteristics, such as firm size, firm ownership, foreign competition, technological characteristics, capital intensity and others, when explaining investment in general. For example, the attention to firm-specific factors when explaining environmental expenditure has been given by Harris (2002, 2005) and Haller and Murphy (2012) . (Collins and Harris 2002; Collins and Harris 2005) Our paper contributes to the sparse empirical literature on interactions between environmental regulation and corporate behaviour. Unlike previous studies, we exploit a comprehensive survey of environmental expenditure and investment for a quite long time period. Our empirical results show that firms that use carbon intensive fuels such as oil and gas are more likely to spend to and invest in the environment. Larger, more profitable and more energy intensive firms are more likely to incur environmental expenditure/investment. Overall, an important finding of our econometric analysis is that environmental regulation both on the national and international levels are highly relevant motivations for environmental expenditure and investment.
The reminder of the paper is organised as follows. We present our theoretical framework and define the variables to be used in our empirical analysis in Section 2. In Section 3 we outline the data sources. Our empirical findings are discussed in Section 4. The final section highlights the contributions of this paper and concludes.
Empirical strategy
The empirical problem of our study is to find the determinants of firm environmental expenditure and investment. A number of econometric issues need to be tackled. First, we might have sample selection bias since our dependent variable (the environmental expenditure/investment level) can be measured only if the individual firm decides to do expenditure/investment. The Heckman selection model (1979) can be used to deal with this problem. Second, the Heckman sample selection model is more commonly used in studies with cross-section data and less with panel data. Wooldridge (1995) proposed a similar to Heckman selection model to deal with selection bias using the nature of longitudinal data. The traditional Heckman two-stage selection model does not account for individual firm heterogeneity effects what might be an important issue in environmental expenditure decisions. These decisions might be based on unobservables such as firm culture, firm social responsibility, management background etc. Thus, we adopt the Wooldridge (1995) empirical estimation strategy to account not only for selection bias but also for firm time-invariant individual effects.
A selection model of the environmental investment/expenditure decision
The first stage of this analysis constructs a model of the probability of environmental expenditure/investment focusing on the role of environmental policy variables in this decision. The underlying expenditure/investment decision is modelled as
where is a latent variable that underlines an observed indicator variable that captures whether or not a firm spends according to the following rule:
where are firm specific time invariant variables; are firm specific time variant variables; are firm specific time invariant unobservables such as firm culture, firm social responsibility, management background etc. The first stage uses the cross-sectional probit regressions to predict whether or not the individual firm do environmental expenditure/investment in a given period. As the determinants of the investment/expenditure decision a number of variables are included in the probit models.
We also need the variables which are likely to satisfy the necessary exclusion restrictions, i.e. they are likely to affect the probability of firm investing in the environment, but are unlikely to affect changes in a firm's investment levels except through their effect on investment decision.
For the instruments we use the dummy variables indicating whether individual firms use carbon intensive fuels such as gas or oil. These instruments satisfy the exogeneity/exclusion condition as it is unlikely that the particular fuel type usage affects the level of environmental investment/expenditure given that we control for other energy/fuel use by individual firms.
A regression model identifying environmental investment/expenditure determinants
In the second stage we estimate the fixed effect model: where , ... , are the inverse Mills ratios estimated in the first selection stage using the probit model for each year. The coefficients of the inverse Mills ratios ( ) might suggest that the factors, that predict which firms make decision whether to invest (or make expenditure) into environmental measures or not, are correlated with the factors determining how much firms do invest or make expenditures related with the environment protection. The significance of the inverse Mills ratios indicates that accounting for sample selection is important.
Variables included as potential determinants of firm environmental investment/expenditure
Based on the earlier empirical and theoretical literature and the available data, we consider firm economic situation, capital stock, energy intensity and firm-specific energy prices as explanatory variables. We also control for technological characteristics by using six NACE industry dummies. Additionally, we control for the introduction of the EU Emission Trading System (EU ETS). The descriptive statistics of all variables are presented in Table 1 . In turn, we provide a brief motivation for including the above explanatory variables in our models.
In principle, firm's economic performance is an important determinant of investment as the rate of investment might be constrained by the supply of funds (e.g. see a comprehensive survey by Jorgenson (1971) ). We measure firm's economic performance as a ratio of firm value added and employee number. We expect the coefficient of this explanatory variable to be positive.
Firm size in which firms operate might also affect investment activity. We might think that large and monopolistic firms may have fewer incentives to invest and to innovate, whereas small firms in competitive markets are forced to be better than their competitors by reducing their production costs and developing new products. On the other hand, larger firms are more likely to be more polluting and there may be economies of scale in environmental expenditure and investment (Haller and Murphy 2012) . We use firm's lagged capital stock (machinery and buildings) to account for firm size effects on environmental investment/expenditure.
We expect firms that are more energy intensive spend more on pollution reduction due to their higher pollution levels and associated pollution abatement costs. We measure energy intensity as a ratio of energy used in MWh and employee number. Also, we control for energy prices by constructing a firm-specific Tornqvist energy price index. We expect that higher energy prices should increase the probability of making an investment.
As mentioned in the introduction, Swedish firms are subject to national and international environmental regulations. In Sweden there are three different types of excise duties, which are levied on fuels -energy tax, CO 2 tax and SO 2 tax. Petrol, diesel, oil, kerosene, natural gas and coal are directly subject to energy tax, CO 2 tax and SO 2 tax. The general principle is that excise duties are only to be paid if the fuel is used as motor fuel or for heating purposes. Apart from these directly excisable fuels, excise duties are also levied on certain other fuels when sold or used as motor fuels or for heating purposes. This applies to all mineral oils, fats from both vegetable and animal sources and fatty acid methyl esters. Taxable is also any product used as motor fuel and any hydrocarbon, which is sold or used for heating purposes. However, aviation spirit and jet fuel are not subject to excise duty when used for air navigation. Petrol has been taxed since 1924 and diesel since 1937. Energy tax on oil and coal used for heating purposes and electricity has been collected since the nineteen fifties. The carbon dioxide and sulphur taxes were introduced in 1991. The CO 2 tax base rate is presently 1,05 SEK (about 0,11 euro) per kilo CO 2 emitted. However, due to exemptions and special rules the actual rate paid by industry is considerably lower (0,15-0,20 SEK) The SO 2 tax is levied on the sulphur content in the fuel and is based on a tax rate of 30 SEK (3,08 euro) per kilo.
That these policies are successful have been document by several studies. For instance, Brännlund and Lundgren (2010) , Lundgren and Marklund (2010) and Brännlund et al. (2011) study the impact of a CO 2 tax on firm level profits and environmental performance during 1990-2004. They find that environmental performance, in terms of carbon intensity in production, is positively correlated with the CO 2 tax, while the impact on profitability is ambiguous.
In addition to the national policies, since 2005 large polluters of CO 2 emissions have been covered under the European Union's Emission Trading System. Firms subject to these regulations have strong incentives to reduce their emissions by contracting their output or by employing and/or installing less polluting production technologies.
To explore the effects of environmental policies introduced by Swedish authorities, we use total energy-environmental taxes paid by firms. Unfortunately, these data are available only for a very small set of firms and, thus, this variable is excluded from the main models of this study. For the EU ETS, we use a dummy variable which identifies whether a firm belongs to the EU ETS. Also, to control for the dynamics of CO 2 price, we use an average annual price of CO 2 as well as its variance for the years 2005-2008. Finally, we control for the introduction of the EU ETS by using a dummy variable for the 2005-2008 period corresponding for the first years of the EU ETS. The interaction term between the ETS-firm dummy and the time dummy representing the first four years of the EU ETS will show whether the post-2005 period for ETS firms was associated with higher environmental expenditure and investment:
, where is a coefficient of the interaction term. It will indicate the effect of the EU ETS on environmental investment/expenditure.
Data
Our dataset consists of several independent datasets collected and owned by Statistics Sweden (SCB). The environmental expenditure variables come from "Environmental protection expenditure in industry" survey. It has been in place since 1999 but it has become compulsory since 2001. The statistics cover total investments in environmental protection and current expenditure. The expenditure is broken down between types of costs, environmental domains (air, water, waste, biodiversity and landscape, protection of soil and groundwater and other), 30 economic activities for industries, and five size classes of numbers of employees (20-49, 50-249, 250-499, 500-999 As only a fraction of firms reports positive values for environmental expenditure and investment, we might have sample selection bias since our dependent variables are censored, i.e. they can be measured only if an individual firm decides to spend or invest in pollution abatement. We will use the Heckman selection models described above to deal with this problem. Table 1 presents the descriptive statistics of all variables used in this study. Separately, the summary statistics are reported for firms that reported positive environmental expenditure and investment. During the period of our analysis, 86% of firms reported positive environmental expenditure and the share of firms that reported environmental investment was much smaller -44%. On average, firms spent SEK 3 505.6 thousand and invested SEK 4 950.2 thousand. It is evident that firms that reported positive environmental investment are on average more profitable and capital intensive than firms that reported positive environmental expenditure. Firms that report environmental investments are also more energy intensive than other firms.
Results

Descriptive statistics
The sectoral allocation reveals (see Table 2 ) that firms in the mining and quarrying sector report larger environmental expenditure and investment. Firms in the wood, pulp and paper; and chemicals, mineral products and plastic sectors invest more in environmental protection than firms in the other sectors. The dynamics of environmental expenditure and investment is presented in Figure 1 . 
First stage regression results
The estimates of the first stage Heckman selection model are presented in Table 4 . We report only the pooled probit models due to space constraints. 4 The selection model for environmental investment in the third column indicates that -other things equal -larger firms (in terms of capital) and firms that use carbon intensive fuels as oil and gas are more likely to invest. The likelihood that firms do environmental expenditure is determined by a different set of factors: more profitable, more energy intensive firms as well as firms that use carbon intensive fuels have higher probability of incurring environmental expenditure (see column 1). We are also interested in whether the EU ETS has affected firms' environmental investment and expenditure. We find that EU ETS firms are more likely in making environmental investment and R&D expenditure decisions (see columns 2-5 in Table 4 ). The resultant price of CO 2 in the EU ETS market had a positive and significant effect only on the probability of total environmental expenditure (see column 1 in Table 4 ), but not investment. Table 5 and Table 6 show the results of the Heckman selection models without and with accounting for fixed effects, respectively. The coefficients of the inverse Mills ratios are statistically significant showing that the two firms' decisions on whether to spend and how much to spend are significantly correlated. This indicates that we should use selection models to investigate our empirical research questions. One of the most interesting research questions is whether the introduction of the EU ETS in 2005 has had any effect on firms' environmental behaviour. To explore this question we use the interaction term between the dummy representing the EU ETS time period (2005) (2006) (2007) (2008) and the dummy variable indicating whether the individual firm was covered by this scheme. Since it was not a voluntary scheme, we can consider the EU ETS as an exogenous factor which can allow us to identify the causal policy effect.
Second stage regression results
The fixed effects and pooled Heckman selection models produce very similar estimates. The results from Table 5 and Table 6 indicate that the EU ETS policy had different effects on environmental expenditure and investment: the effect on environmental expenditure is positive (column 1), while it is negative on other than air pollution related investment (column 5). We might think that the EU ETS encouraged ETS firms to redistribute their environmental expenses, i.e. to postpone or decrease environmental investment in other than air related areas and to increase environmental expenditure in order to comply with the EU ETS regulations. For instance, Jaraitė et al. (2010) have found that internal (staff) and capital costs accounted for most of the expenditure associated with the introduction of the EU ETS in Ireland.
We also included the EU ETS allowance price and its volatility to extend our analysis on EU ETS effects. We find no evidence that EU ETS price or its volatility had a significant impact on the environmental investment or expenditure levels perhaps indicating that this price was too low to trigger any changes in firms' expenditure and investment decisions. The fixed effect models produce the opposite than expected signs for capital and other potential environmental investment/expenditure determinants' coefficients. Baltagi and Pinnoi (1995) explain that this may happen as fixed effects estimate the short-run effects and pooled OLS models produce the expected sign, suggesting the long-run impact. Thus, it is important to consider both estimation methods.
Our capital variable, i.e. buildings and machinery, is used as a proxy for the firm size. As expected, we find that firm size is an important factor explaining the amount of environmental expenditure and investment (see Table 5 ). However in the fixed effect models we get a negative and significant relationship between investment and capital size (see Table 6 ). As mentioned above, this might be explained by the fact that fixed effect models reflect more short-run relationships.
A similar argument can be also applied for other variables such as firm energy intensity. In the long-run, firm energy intensity is a significant and positive factor determining environmental investment which is consistent with the economic logic. However in the shortrun, the increased energy intensity potentially means changes in production processes, increases in conventional capital investment and additional expenses that could encourage firms to postpone their environmental expenditure and investment.
We also find that firm economic performance is an important factor determining the amount of firm's environmental investment and expenditure. As expected the availability of the funds allows firms to invest in environmental projects.
As Swedish firms are also subject to the strict national environmental regulations, they have strong incentives to reduce their emissions by contracting their output or by employing less polluting production technologies. To explore how national environmental policies have affected firm environmental expenditure and investment, we use total energy-environmental taxes paid by firms. The results in Table 7 show that taxes had a significant and positive effect on firm environmental and R&D expenditure, but the effects on environmental investment are not clear and needs further research using more extensive datasets.
Conclusions
This paper investigates the determinants of environmental expenditure and investment. The two-stage Heckman selection models are estimated using a panel dataset of Swedish industrial firms tracked from 1999 to 2008. We find that firms that use carbon intensive fuels such as oil and gas are more likely to spend to and invest in the environment. More profitable and more energy intensive firms are more likely to incur environmental expenditure. Additionally, ETS firms are expected to spend on environmental R&D. Once the decision to commit resources has been taken, ETS firms during the first four years of the EU ETS have higher environmental expenditure. As regards environmental investment we find that larger firms, and ETS firms are more likely to invest. ETS firms are also probable to invest on reducing air pollution problems. The effect of the EU ETS is negative on the level of other than air pollution related investment, which is opposite to the effect on environmental expenditure. A reasonable explanation is that the EU ETS encouraged firms to restructure their environmental expenses by postponing environmental investment in other than air related areas and increasing environmental expenditure in order to comply with the EU ETS regulation. The role of CO 2 price was irrelevant in all models. Firm economic performance is another important factor determining the amount of environmental investment and expenditure. This corroborates the idea that environmental investment and expenditure to some extent are motivated by strategic reasons and as a consequence integrated with a good economic performance (Heal 2008) .
The analysis of the small sub-sample of our dataset reveals that environmental-energy taxes seem to motivate the level of environmental and R&D expenditure, but the effect on investment is not clear and needs further research.
Overall, an important finding of our econometric analysis is that environmental regulation both on the national and international levels are highly relevant motivations for environmental expenditure and investment. Whether these policies have been sufficient to drive environmental innovation has to be investigated by future research.
